It is generally thought that the seasonal succession of phytoplankton is minimized during winter months. However, some studies have indicated that there is also diversity in phytoplankton communities in winter. The main purpose of this study was to determine the phytoplankton community structure and species composition of a lake during winter, when covered with ice. Phytoplankton samples from the lake were taken in the winter seasons of 2015 and 2016, during the period from the appearance of the ice cover on the lake until it completely melted, and phytoplankton composition in the lake and some physicochemical properties of the lake water were measured. The phytoplankton community was found to be dominated by Cyclotella meneghiniana, which is a centric diatom, followed by the flagellates, especially Synura uvella, small cryptophytes (Cryptomonas paramecium), dinoflagellates (Peridinium aciculiferum and Gymnodinium sp.), and nonfilamentous greens (Pediastrum duplex, Scenedesmus spp., and Monoraphidium spp.). Phytoplankton development under ice-cover is largely related to temperature, but the development of phytoplankton composition is random. A low correlation was determined between the dominant organisms and ice thickness. Species biodiversity was low, but the dominant species started to be represented with different taxonomic groups after mid-winter.
Introduction
Since the term "growing season" is widely used to define summer months in mild ponds, winter months seem to be perceived as an inactive period. Freshwater scientists have assumed in some studies that biological activity in the pond icecap is insignificant or the primary producers engage in heterotrophism or dormancy because of ice, especially in high-latitude lakes with heavy snow [1] . In recent years, it has become more important to understand how physical and ecological conditions under ice affect lake ecology [2] . It is well known that high-altitude and high-latitude frozen lakes are usually considered when limnological studies in winter conditions are carried out. However, it is possible that lakes and rivers in temperate regions may be partially or completely iced over due to a decrease in temperature during prolonged winter conditions. It is widely known that during the long winter months in temperate regions, biological processes either stop or continue to work at low rates, and these periods are considered relatively less important than those involv-ing heightened biological processes. In the current situation, heating affects the surface water temperature directly and physicochemical and biological processes indirectly [3] .
Temperature is one of the most important variables for lakes in the formation of ice cover, and many lakes and rivers in the northern hemisphere are directly affected by climate change [4] [5] . Moreover, despite the direct climatic effects on lake ecosystems, seasonally ice-covered lentic ecosystems are severely understudied, particularly in comparison to the open water [6] .
In addition to temperature, because of the short photoperiod and variable physical conditions during winter months, light can also be a limiting factor for photosynthesis under ice [7] [8] . However, when the light is sufficient for photosynthesis, the environment under ice cover can be quite favourable; the complex under-ice environment's convection can sustain the nutrients and the algae mixed in the photic region [2] .
Especially due to the timing and characteristics of precipitation, wind, temperature change, and solar radiation, ice cover may have more light transmittance than lake water during the winter season [9] . For example, in the case of Russia's Lake Baikal, ice cover provides a foothold and can generate a wide living space to make it easier for attached algae to access the light [10] . However, compared to other seasons, aquatic organisms in lake ecosystems during the ice-cover period may struggle with problems like light usage, gas exchange between the atmosphere and water, and mixing detention due to wind and low temperatures [11] . Therefore, organisms under ice may migrate upwards to survive -especially to benefit from light until the melting period [12] .
Icing mounds in big lakes are mobile, and they are especially likely to move with the wind [13] ; however, during cold winters, those in medium-sized lakes are static, while they can be mobile during relatively mild winters [9] . The winter ice-cover in small lakes is stable [11] . Temperature during cold and windless nights in small and shallow lakes can swiftly cool down to the point of freezing faster than it can in deep lakes, and melting can take a long time [14] . In such cases, we do not have enough information or estimation about how the community structure will be affected or how it will shape the new communities [15] [16] . Ecological dynamics in aquatic ecosystems are especially vulnerable to climate change [17] [18] [19] , as the thermal structure of a lake and its mixing pattern are directly and predominantly influenced by climate [20] .
Despite these pressures, pelagic organisms may develop ecological adaptations, and the species variety and organism number may surprisingly increase under the ice cover; such organisms may be found in enormous numbers [21] . In fact, in a study done by Twiss et al. [22] , it was found that in the middle of winter, when the lake was frozen, phytoplankton growth was almost as high as in the summer months. The same results were reported by Lenard and Wojciechowska, Wojciechowska and Lenard, Babanazarova et al., Özkundakci et al., and Kalinowska and Grabowska [23] [24] [25] [26] [27] . The main objectives of the present study, which was carried out in a eutrophic, temperate, artificial, and shallow Balkan Lake, were: i) to determine the spatial and temporal distribution of phytoplankton in the lake by identifying its community structure during ice-covered periods and ii) to determine the response of the phytoplankton community to some environmental variables during extreme winter conditions.
Material and Methods

Study Site
The Balkan Arboretum was constituted in Trakya University in 1996; in 1998, Balkan Lake was artificially created by partially arranging and deepening a wetland and raising the front with an embankment. The lake is classified as a shallow eutrophic pond [28] [29] . The lake is only 39 meters above sea level and covers an area of 0.8 km 2 ; it has a maximum depth of 180 cm and an average Secchi depth of 72 cm. It is located southeast of suburban Edirne (41°40′41″N, 26°33′49″E). The climate is typical- Figure 1 . Map of Balkan Lake and its location in Trakya University Campus area.
ly characterised by four distinct seasons; the mean annual air temperature in this region is about 13.7ºC, and the long-term annual precipitation is approximately 50.12 kg/m 2 /yr -1 [30] . The coldest months are December, January, and February, with mean monthly temperatures ranging from 2.7 to 4.6ºC. The lake regularly freezes over during winter months; ice-covered periods vary from a few days to several tens of days, plus one or two times of intermittent ice-cover in a year. We defined the winter and ice-covered period based on the winter solstice, starting on 4 December 2015 and ending on 19 February 2016 (Fig. 1 ).
Sampling and Identification
Winter severity varied substantially over the study period; ice cover started to appear on 4 December 2015 and melted on 19 February 2016. There was partial ice cover in the last two weeks of our 12-week study. Additional seasonal samplings were carried out in autumn 2015, spring 2016, summer 2016, and autumn 2016 for comparison with the winter period.
Sampling of phytoplankton during the ice-covered periods was performed weekly. Following the weather temperature drop to under zero values, the first sample was taken by crushing the ice cover at midday. Light transmission (photosynthetically active radiation, PAR) during sampling was measured with a lux meter. Ice thickness was measured at different parts of the sampling sites with the help of a calliper. Sampling lasted 12 weeks until the ice cover on the lake completely melted. Detailed descriptions of sampling techniques and sample processing are given by Driescher et al. and Gerten and Adrian [31] [32] .
Water temperature, pH, dissolved oxygen (DO), total dissolved solids (TDS), and conductivity were measured on-site during samplings using field-type equipment. A simple dark bottle (2 L) was used to obtain water samples just below the ice of the water body to determine nitrate (NO 3 ), nitrite (NO 2 ), soluble reactive phosphorus (SRP), and sulphate (SO 4 ) -all of which were measured in the laboratory in accordance with APHA methods (Eaton et al. 2012). Chlorophyll-a was determined by spectrophotometric analysis following Nusch [33] .
Sampled phytoplankton specimens were identified via the investigation of temporary preparations. For this purpose, water samples were filtered from Whatman GF/A paper with the help of a water trompe and dissolved in 10% glycerine. A Uthermöhl counting chamber was used to calculate the organism number per litre. The numbers, shapes, and sizes of the organisms were used as the basis for the calculation of biomass for phytoplankton [34] [35] . Algae species were identified with an Olympus microscope. For the identification of diatoms, frustules were cleaned with concentrated HCl and H 2 SO 4 . Identifications were carried out at 1000× magnification under immersion oil, and identification of taxa was conducted with the help of related literature [36] [37] [38] [39] [40] [41] [42] . All identified species were checked in AlgaeBase [43] .
Statistical Analysis
Abiotic variables were correlated with the main phytoplankton attributes using nonparametric Spearman correlation coefficients. Differences in all variables were tested using a nonparametric Kruskal-Wallis (KW) [44] . Multivariate analyses were used to identify the environmental parameters that were most strongly associated with each other and to define associations between environmental factors and phytoplankton species. A canonical correspondence analysis (CCA) was performed using the XLSTAT-ADA statistical package to determine the relative importance of environmental variables, sampling time, and phytoplankton species [45] .
Results
Ice-Cover Period and Environmental Variables
During the 12-week study the lake had ice cover for 77 days total. The average temperature was measured as -1.5ºC. (During every sampling week, the average air temperature measurement was taken in the morning, midday, and evening.) Moreover, climatic conditions were defined as above-seasonal normal, cold, and relatively dry. The lake was covered with ice at night because the night-time temperature was below 0ºC with wind and frost, although the temperature increased during daytime. Water temperature under the ice cover was determined as 1.6ºC on average; the average ice thickness varied between the two winter seasons from 0 cm to 10.4 cm. During the study, the highest measured PAR value was 132.2 μmol m .s -1 at the 7th week when there was ice cover. The measured physicochemical parameters from the study are given in Table 1 .
Phytoplankton Community Structure under Ice-covered Period Succession
Phytoplanktonic species numbers determined during the winter months were not very different from those in the autumn and spring months. However, seasonal differences were determined in the phytoplanktonic group numbers (Table 2) .
A total of 68 phytoplankton taxa in eight groups were determined during the winter period (Table 3) . Among these taxa, rare species that made up less than 2% of the biovolume were grouped together under the category 'others' (Fig. 2) . The average phytoplankton biovolumes ranged from 1.78 mg.L -1 to 11.67 mg.L -1
, while the average abundance ranged from 13.8 × 10 4 cell.ml -1 to 64.8 × 10
4 cell.ml -1 throughout the study period. Species richness was in the range of 32-42, the Shannon-Wiener diversity index was 0.325-1.403, and Pielou's evenness was 0.083-0.361 (Fig. 3) . No significant relationship was found between ice thickness and phytoplankton biomass The winter phytoplankton community under ice in Balkan Lake was mainly dominated by Cyclotella meneghiniana and S. uvella. These species are among the dominant organisms in the lake all year round. With the formation of the ice cover, C. meneghiniana entered the stability period and started to increase its number by midDecember, which in turn increased its biovolume, and the species became the most abundant organism in the lake. At the beginning of January, in the samples taken after the snowfall, S. uvella began to increase in number and became the dominant organism both in terms of species number and biovolume. The increase of S. uvella continued until February, making it one of the dominant organisms in spring.
Euglenoid species like Euglena, Lepocinclis, Phacus, and Trachelomonas are dominant organisms in the lake, especially during summer and autumn months; they were also represented in high numbers under the ice cover with T. hispida and Trachelomonas volvocina. The Chlorophyta members Scenedesmus and Pediastrum species are also among the dominant species in summer and autumn. During the study, C. reinhardtii, which is a filamentous, unicellular green alga within this group, was observed in the lake from early to mid-January during the snowy period. Among small chrysophytes, Cryptomonas spp. were determined to be represented in increased numbers due to their relatively smaller sizes; however, their biovolumes were lower than those of dinoflagellates. In the middle of January, Cryptomonas paramecium started to increase in number in the lake. Like C. paramecium, Peridinium gatunense also became apparent in the lake plankton at the end of the ice-cover. However, although they are dominant organisms in the lake during the summer and autumn months, blue-green algae were represented in low numbers, with relatively few species during the winter period. Abundance, biovolume, and chlorophyll-a values determined during the study period are given in Fig. 4 .
Canonical Correspondence Analysis
CCA analysis was used to determine the relative abundance of lake phytoplankton and environmental factors. Fourteen taxa that were dominant in the phytoplankton community or exhibited an extreme increase in some weeks are shown in Fig. 5 , along with their relationships with 10 different environmental factors. In the CCA biplot analysis, the eigenvalues of the first two axes were calculated as 0.63 and 0.39, respectively. The first axis of CCA explained 13.06% of the total variance in species, while the second axis explained 63.42% of the total variance. Especially in weeks 8-11, chlorophyll-a and S. uvella were correlated, and in weeks 8-9, T. hispida and S. quadricauda are correlated. C. meneghiniana was most highly related to SRP and least to pH in the first weeks of the study, while water temperature was correlated with T. volvocina and Cryptomonas species until the end of the study. There was no clear relationship between winter severity, ice thickness, and PAR.
Discussion
Ice cover in Balkan Lake remained continuous for several weeks during the winter months due to night temperature values below zero, leading to freezing of the upper water column, although the daytime temperature shows a relative increasing pattern toward midday of above zero values. During winter months, as the lakes are ice-covered and atmospheric entry is blocked, DO is only affected by photosynthesis and respiration [46] . Interpretation of DO data can be complicated by lateral transport and vertical mixing [47] [48] . During the icecovered period, the oxygen concentration is extremely important for nutrient dynamics, the food web, and general functions of the ecosystem. Therefore, during this study, since oxygen entry from the atmosphere was prevented, DO values were determined to be extremely low. These values showed that the water of the lake could be defined as YSKYY criteria class III water, as the measured values were only due to photosynthesis and respiration [49] .
As the ice-cover ended, the oxygen level increased; this was probably due to diffusion from the atmosphere. DO is one of the most significant limnological parameters for monitoring the exchange of water quality and aquatic life [50] [51] . According to the EC directives put in place by the European Commission to protect the health of freshwater fish, the DO level in water must be over 4 mg/L for cyprinid species and over 6 mg.L -1 for salmonid species. Nitrite levels in water must be under 0.03 mg.L -1 for cyprinid species and under 0.01 mg.L -1 for salmonid species [52] . In the present study, DO and nitrite levels in lake water were recorded as 1.23 mg.L , which means that no nektonic organism could live in these extreme conditions. In another study carried out on water resources in the Balkan Arboretum, where the lake is located, high nitrite and nutrient levels were determined; these high levels were related to agricultural activities around the arboretum [53] .
C. meneghiniana, which is a planktonic, centric diatom, was dominant in the phytoplankton succession of the lake during the ice-cover period until mid-January. After snowfall, S. uvella became the dominant organism of the lake under ice-cover, and it retained this dominance after the ice cover melted, especially during spring months. During the first half of the ice-cover period, C. reinhardtii and diatoms (mainly due to macrophytes submerged at the bottom, namely Ceratophyllum-dependent epiphytic diatoms) were dominant, especially in the beginning of the ice-cover period in the pond. After the second period of ice-cover, Trachelomonas species, P. gatunense, and C. paramecium were identified in high numbers and biovolume values in the lake.
The winter months -when the water temperature is close to 0ºC -are not suitable for phytoplankton growth, but these organisms still adapt to winter conditions [23] . When the water temperature below the ice is 0ºC, centric diatom species like Cyclotella are known to grow well [54] . In addition, the interaction between light and nutrient availability is known to affect the distribution of Cyclotella spp. [55] . In a study carried out in Lake Erie during the winter months, a centric diatom, Aulacoseira islandica, was determined to be dominant, and another centric diatom, Cyclotella spp., was determined to be subdominant [56] . Similar results were found by Kiili et al., who reported high numbers of Cryptomonas sp. C. paramecium and Cryptomonas ovata among the subdominant organisms in Balkan Lake during the ice-cover period [57] .
In extreme winter conditions, phytoplankton are dominated by small nanoplanktonic, heterotrophic, or mixotrophic species. These organisms are generally motile algae, such as dinophytes, cryptophytes, chrysophytes, or flagellate chlorophytes [58] . Despite convective mixing, smallcell flagellate species can maintain their position in the water column or move to places with better light conditions. This means that they can concentrate in large numbers in the upper water layer just below the ice cover [23, [57] [58] . The dominant species we determined in our study mostly consisted of motile species, a finding that confirms the results of several previous studies [3, 23, 27, 25, 46, [57] [58] .
The dominant organisms of Balkan Lake from the second half of the winter period to spring months were C. meneghiniana and S. uvella. In particular, S. uvella was the dominant organism of the lake after snowfall, with its increased biovolume and chlorophyll-a values. S. uvella is highly correlated with chlorophyll-a, and especially after the ice-cover melted, it could be considered one of the main chlorophyll-a resources among phytoplanktonic organisms in the lake. The dominance of S. uvella has also been recorded by many previous researchers [25] [26] [27] 57] .
According to the CCA analysis, there is a relationship between water quality parameters and temporal changes in dominant algae under ice cover. Considering the CCA results, it can be concluded that there is a substantial relationship between S. uvella and chlorophyll-a. Another dominant organism of the lake, C. meneghiniana, is found to be substantially correlated with SRP in the first weeks of the ice-cover period, and this is thought to influence the colonization of this species. This is because Cyclotella spp. growth is known to be specifically arranged according to the balance between light, nitrogen, and phosphorus [59] . Özkundakçı et al. found in their study that there is a positive correlation between ice thickness and S. uvella, Chlamydomonas spp., and Cryptomonas spp., but in our study no such correlation was determined. This difference can be attributed to the different ecologies and structures of the lakes studied [26] . The results of our CCA also revealed that there was no clear relationship between winter severity, ice thickness, and PAR.
Conclusions
The shallow, small Balkan Lake is covered with ice that decreases during winter months. Although phytoplankton growth under the ice cover is substantially related to temperature, the phytoplankton composition development is random. The dominant species composition in the lake before the ice cover continues until mid-winter and is replaced by motile, flagellated unicellular, and colonial species. These motile species create a spring bloom due to the effects of increased temperature, melting of the ice cover, and high nutrient concentrations. This event is thought to be affected by the absence of solar radiation and mechanical mixture under ice cover. The phytoplankton bloom and physicochemical structure formed by this event affect the trophic status of the lake in summer months.
